In the study, injectable chitosan-4 hydroxyphenylacectamide acid (CHPA) and gelatintyramine (GTA)-based hydrogels were enzymatically prepared, in which could encapsulate biphasic calcium phosphate nanoparticles (BCP NPs) for enhancing bone regeneration. The in situ formation of hydrogel composite was varied from 35 to 80 seconds depending on concentration of H 2 O 2 . Collagenase-mediated biodegradation of the hydrogel composite could be modulated from 3 days to over one month depending on amount of the formulated CHPA. Live/dead cell viability assay indicated that the hydrogel composite enhanced bone marrow mesenchymal stem cells (MSCs). The obtained results show a great potential of the hydrogel composites for bone regeneration due to its adjustable biodegradation, biocompatibility and enhancement in new bone formation.
INTRODUCTION
Recently, biological hydrogels have played an important role in the advanced biomaterials for tissue regeneration and drug delivery systems. Several kinds of the injectable hydrogels performed an effective encapsulation of drugs/cells and convenience for applying the minimally invasive implant surgery [1] . The hydrogels play a role as an artificial extracellular matrix (ECM) inside body for cell migration and proliferation allowing transportation of nutrients [3] .In this stu presence of atin are bioc tissue regene hment [4] . G ast biodegrad ogels were b days [7] . 
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In vitro biodegradation study
The in vitro biodegradation of hydrogel, hydrogel composites were studied immersing hydrogels and hydrogel composites in PBS solution with the presence of collagenase (0.2 U/mL) at 37 °C and then monitored their weight-losses following different incubation times. The enzymes were prepared in a PBS 0.01 M, pH = 7.4 solution. The samples with different mass ratios were accurately weighted before immersing in 1 mL of enzymatic solution. At the predetermined intervals, the samples were removed from the incubation medium. Then the weight of degraded hydrogels, hydrogel composites (W t ) was measured to determine the weight of the remaining the samples. Degradation rate (rate of weight loss %)
. 100 % W i and W t are initial weights of hydrogels or hydrogel composites and degraded hydrogels or hydrogel composites, respectively.
Characterization
The structures of CHPA and GTA were determined by using NMR at Institute of Chemical-VAST (Varian, 400 MHz, U.S.A) at 37 °C and an UV-Vis spectrophotometer (JASCO V-570, Japan). Morphology of BCP was determined by using Field-emission scanning electron microscope (FESEM) JSM-635F, JEOL. The measurement was conducted at Institute of Chemical Technology-VAST. The phase analysis of the BCP NPs was identified using an Xray diffractometer (XRD, D8/Advance, Bruker, UK) with CuKα, (λ = 1.5406 Å) at Institute of Applied Materials Science-VAST.
RESULTS AND DISCUSSION

Characterizations of polymers
Recent years, the HPR enzymatically cross-linked reactions have played a crucial role in preparation of several polysacharide-based hydrogels [3] . Conjugation of HPA on chitosan formed a phenolic derivative enable to exploit for enzyme-mediated cross-linking reaction. The HPA-conjugated chitosan was confirmed from resonance signals of aromatic protons of HPA at 6.89 and 7.22 ppm (Figure 3, top) . The signals at 2.89 ppm were assigned to methylene protons of HPA. Overlapped, broad resonance signals of D-glucosamine of chitosan were observed in the interval 3-4 ppm.
GTA can be also synthesized by the coupling reaction using EDC. Tyramine This result may be explained by the fact that gelatin-based materials have a fast degradable profile. Incorporating with chitosan, the hydrogel could adjust its biodegradation rate in the presence of collagenase. The preliminarily obtained results are significant because the hydrogel composites could be selected to implant into human body to regenerate every specific tissue.
CONCLUSIONS
In situ forming hydrogel composites consisted of tyramine conjugated gelatin, 4-hydroxyphenylacetic acid conjugated chitosan and BCP were successfully prepared via horseradish peroxidase mediated reaction in the presence of hydrogen peroxide. With a rapid gelation time at the physiological condition and controllable biodegradation rate, the hydrogel composites will be significant to apply in regenerative medicine.
